Objective: Patients with chronic hepatitis C virus (HCV) infection may show a variety of rheumatic symptoms and signs. Anti-cyclic citrullinated peptide (anti-CCP) is widely used as as a marker, particularly for rheumatoid arthritis (RA), and may be positive in some diseases that also cause arthritis, such as systemic lupus erythematosus, familial Mediterranean fever, Behçet's disease, and psoriatic arthritis.
Introduction
Hepatitis C is a serious public health issue, with a global estimate of 170 million cases of hepatitis C virus (HCV) infection [1, 2] . Patients with chronic HCV infection may have a variety of rheumatic symptoms and signs, including immunological disorders with different clinical presentations, such as arthritis, arthralgia, and various forms of vasculitis [3] [4] [5] . The prevalence of extrahepatic complications can vary between populations, possibly due to genetic and viral factors, such as viral genotype. Rheumatoid arthritis (RA)-like HCV-related arthropathy can be clinically indistinguishable from recentonset RA, in which articular damage and deformities have not yet occurred. Two forms of articular involvement have been identified in association with HCV infection, but the more common form is an oligoarthritis of the large joints that is frequently associated with cryoglobulinemia [6, 7] . An association between HCV infection and cryoglobulinemia syndrome has been firmly established [8] .
Anti-cyclic citrullinated peptide (anti-CCP) antibody has been reported as a new commercially available serological marker for RA. It is more specific than rheumatoid factor (RF) [9, 10] and is now widely used. Anti-CCP antibodies may also be present in some diseases that present arthritis as a symptom, such as systemic lupus erythematosus, familial Mediterranean fever, Behçet's disease, and psoriatic arthritis [10] [11] [12] [13] .
Differentiating patients with HCV-related arthritis from patients with RA represents both a diagnostic and therapeutic challenge. Anti-CCP antibody has been investigated as a possible factor that can be used to distinguish between these two conditions. Our aim in the present study was to investigate the levels of anti-CCP antibodies in HCV-infected Turkish patients with or without arthritis, RF, or cryoglobulinemia.
Materials and Methods
Sera were obtained from 39 normal (control group) volunteer blood donors chosen from patients who attended outpatient clinics but had no diseases. Blood samples from 57 patients with RA were obtained from the Gastroenterology Clinic of Ataturk University and the Infectious Disease Clinic of Erzurum Region Research and Education Hospital. The study was conducted at two hospitals (the Erzurum Region Education and Research Hospital and the Ataturk University Faculty of Medicine). Patients with HCV infection were diagnosed by the presence of HCV antibodies, and infection was confirmed by the detection of viral RNA in sera. After obtaining informed consent, serum samples were collected from all patients. Normal sera were obtained from volunteer blood donors at the Ataturk University. Sera previously stored at -80°C were evaluated for RF and anti-CCP antibodies.
A history was taken from all of the patients, and a clinical examination was performed, including a musculoskeletal examination, abdominal ultrasonography, and laboratory investigations in the form of routine laboratory tests and tests for RF and anti-CCP antibodies. HCV infection was diagnosed in patients with chronic HCV infection by the presence of HCV antibodies and the detection of HCV-RNA by real-time PCR. In total, 35.1% of the patients with chronic HCV had end-stage chronic renal failure (CRF), 5.3% had chronic obstructive airway disease (COBD), 5.3% had decompensated liver cirrhosis (DLC), 8.8% had RA, and 52.5% had no additional diseases. Patients were excluded if they were co-infected with human immunodeficiency virus or hepatitis B virus. Women who were pregnant or breast-feeding were also excluded. Patients were required to give written informed consent.
The serum concentration of anti-CCP antibodies was analyzed with an enzyme-linked immunosorbent assay (ELISA) using commercially available QUANTA Lite™ CCP IgG ELISA kits (INOVA Diagnostic, Inc., San Diego, USA) according to the manufacturer's protocol. All assays were performed in duplicate. The concentration of anti-CCP antibodies was estimated by interpolation from a dose-response curve based on standards included in the assay. Patients were considered to be anti-CCP positive when the absorbance was higher than the cutoff value of the kit (20 U/mL). Values <20 U were considered negative, while values between 20 and 39 U were considered "weakly" positive, 40-59 U "moderately" positive, and 60 U "strongly" positive. According to the manufacturer, the anti-CCP ELISA had a sensitivity of 76% for clinically confirmed RA patients and a specificity of 99% for healthy controls. Some results were expressed as the mean±standard deviation.
Results
The ages and genders of the patients in the two groups (patients with chronic HCV infection and the control group) are shown in Table 1 . The ages of the patients ranged from 22-78 years for the HCV-infected patients and from 19-59 years for the control group. The concentration of anti-CCP antibodies was high in five chronic HCV patients with RA. The patient with the highest anti-CCP level was also one with RA (220.6 IU/mL). No patient in the control group was positive for anti-CCP antibodies. However, 2 of these patients (5.1%) were positive for RF (Table 1) . Of the patients positive for anti-CCP antibodies (14.1%) in the chronic HCV group, 2 were "moderately" positive (20-39 IU/mL), and 6 were "strongly" positive (greater than 60 IU/mL). The patient with the highest anti-CCP titer was also one of the patients with RA in the study group, in which the RF titers were the highest. Only one of the patients with CRF was anti-CCP positive, whereas no anti-CCP positivity was noted in the patients with COBD or DLC. SD: standard deviation, HCV: hepatitis C virus, M/F: male/female, RF: rheumatoid factor, Anti-CCP: anti-cyclic citrullinated peptide.
Discussion
Rheumatological manifestations are common during HCV infection, and in some cases, symptoms may mimic the onset of RA. Arthralgia is the most common extrahepatic manifestation of HCV infection. The distinction between HCV-associated arthropathy and RA has great relevance for clinicians [2] . Many autoantibodies are common in HCV-infected patients, including rheumatoid factors and antinuclear antibodies, but anti-CCP antibodies are also found, which may help to differentiate early RA from HCV-associated joint manifestations. Therefore, many studies have explored the relationship between HCV and anti-CCP antibodies. The frequency of anti-CCP positivity in patients with HCV is inconsistent between studies (Table 2 ) [1, 5, 6, 8, [14] [15] [16] [17] [18] [19] . However, almost all of the patients researched previously had no additional systemic diseases and had isolated HCV and/or HCV+ arthropathy. In the present study, unlike these previous studies, we included patients with additional systemic diseases in the study group.
In our study, the frequency of anti-CCP positivity for patients with HCV appears to be the highest ever reported (Table 2 ). However, our study evaluated a limited number of patients (n=57). In addition, differences may have existed in the methods and kits used to measure anti-CCP antibodies. However, we believe that the high frequency of anti-CCP antibodies observed in our study was primarily due to the inclusion of HCV patients with additional systemic diseases.
The presence of RF is not a reliable diagnostic tool for RA, as many cases of recent-onset RA are seronegative. Additionally, many non-rheumatoid conditions, such as connective tissue diseases and HCV infection, may be RF seropositive. Indeed, 30-68% of HCV-infected patients are RF positive [15, [20] [21] [22] . Some previous studies have stated that the presence of anti-CCP antibodies in patients with HCV can differentiate RA from non-RA conditions [1, 5, 6, 8, 14, 15, 17, 18] . However, the patients with HCV examined in these studies did not have additional systemic diseases. While anti-CCP antibodies were found in 14% of patients in these studies, RF was found in 7% of HCV-positive patients in our study. Our study group included 5 RA patients, and these patients were positive for both RF and anti-CCP antibodies. The patient with the highest concentration of anti-CCP antibodies was one of the RA patients positive for RF. However, 3 patients with a high anti-CCP antibody concentration did not have RA. Therefore, in the presence of an additional systemic disease, such as CRF, DLC, and COBD, anti-CCP positivity is important for diagnosing RA in HCV-positive patients.
Our study demonstrates that anti-CCP antibodies should be measured in the presence of additional systemic diseases, such as CRF, DLC, and COBD, in patients with HCV to differentiate RA from non-RA arthropathy.
